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SUMMARY 


Selected preaaure-dis tribution diagrams for a 
number of conventional and special airfoils are pb'e - ~ 
sented. The conventional airfoils include the 
NACA 22*, IpL).-, and 250-series airfoils and the Clark Y- 
family. The special airfoils consist of c Ircular*arc 
sections of several thicknesses and curvatures ~ arid a 
number of synthetic airfoils, including several with 
‘zero' moment coefficient. The pressure distributions 
are in mo3t cases given for several lift coefficients 
including that at the ideal angle of attack. 


INTRODUCTION 


In the last decade the importance of obtaining a 
smooth and continuous pressure distribution on an air- 
foil has . been increasingly recognized. With improve- 
ments in the experimental technique of measuring pres- 
sure distributions, the agreement between experimental 
and theoretical pressure distributions .has steadily 
improved. A low-drag airfoil has a distribution which 
is In almost perfect agreement with theoretically calcu- 
lated values, since little allowance haa. to-be ‘mads for 
the boundary layer. Furthermore, it is possible to 
determine .by inspection in what manner an. airfoil may be 
improved,- particularly if peaks, or fluctuations are 
e vident v in "the pressure curve. : ' 

i 

The early development of the pressure-distribution 
theory is contained in the works of Munk and Glauert,. 

The theory of arbitrary, thick airfoils was' published. 

In 1931 (reference 1). Further details of the theory 
of arbitrary airfoils were presented in reference 2, 
particularly in regard to the calculation of moment^. .. 
coefficients. ' : 
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The present paper contains an analysis of three 
groups of airfoils with their associated, pressure dis- 
tributions; that is,, conventional airfoils, circular-arc 
airfoil sections, and synthetic airfoils, including 
several with zero moment coefficient. The purpose of 
thi3 paper is to pre-sent data on a wide selection of 
airfoils that - are suitable for general purposes or as 
a basis for variations. 


METHOD 


Conventional airfoils .- The airfoil pressure dis- 
tri but ions' for the 'conventional, airfoils are computed 
by the method of references 1 and 2, The symbols and 
formulas of— this method are given in reference 3 and are 
repeated herein for convenience. 


x, y 

0 

* 


<• f 

\f/ f 


coordinates of airfoil; origin at center of air- 
foil and chord line of approximately I 4 . units 
along x-axis 

.2 / V v2 

, . 2) 

2 sinh 2 Y = - p + + y2. Since y is generally 

y 


'”2 sin 2 9 == p + yfp2- + y 2 where p = 1 


-(!)“-(! 


small for airfoils, slnh = 


may be 


2 sin 0 

preferable.- Near the leading (or traili ng) 

edge 'is given approximately by V = \j ^ 

where ' O is the radius of curvature at the 
leading (or trailing) edge 


'<*’) = -Hr- 


>2ir 


m m opt 

\)/(cp) cot dcp 


obtained graphically from e, 0 curve 
obtained, graphically from 8 curve 


/df\ 

\d 8 / 

Ydt\ 

\d9/ 


op = 0 -T~2 


Mr 1 = JL 

2tr 


1 2TT 


^(op) d<? = -Constant 


to 



>|> o*l a* 
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a 

k = 


angle of attack with respect to. x-axis 

angle of_ zero lift, given by value of e for 8 = rr 


e 


'(1 + e ' ) 


(sinh^^ + sin^0^1 + ^ 

independent of angle of attack) 


(value of k is 


c 

0, 


ratio of local velocity at airfoil surface to 
uniform stream velocity . 

(k[sin (a + 9) + sin (a + p)]J 

ratio of local superstream pressure to dynamic 
pressure (the term "superstream pressure" is 
used to designate difference of local pressure 
and static pressure in undisturbed uniform 


stream) 



and q 



segment of x-axis intercepted "by airfoil, boundary- 


lift coefficient / Op,. = 


- L _ 


8Tre Vo 


ipcV 2 


c . 


sin (a + p) 


P 


point designated the focus of the airfoil. 
The- ••eemplex constants, cq. arid c '2 'may be 
defined as 


c-i = me 


id' 



ty( 9 )(cos 9 + -i sin 9) d9 


■'|r(9)(cos 29 + i sin 29)- d9 



O > H 


k 
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Then. 

c 2 

b 2 c 2 ^Y = 1 + -"™ + eg ■ 


so that 



( A i B i + B z) Z 


and 



1 + 


A 1 B 1 B 2 

A? - Bl 2 


2 


+ A 


2 


Then the complex coordinate of F ■ is 
Z F = (x + iy) p -1 

= rae il3 + ~5r- e^ 2Y " 

e ¥ ° 


^F 


.. moment at F, constant for all 
(2irpb 2 V 2 sin -2(y - (3)) 


angles of attack 


C Mt 


a- 


moment coefficient referred to F. 

^ = ipTr sin 2(y - (3) 

c'tq i • g *~ J 


. ° M P 


ideal angle of attack 


(• 


£ N + ' C T 


where fijj and denote, respectively, the 

values of e. at^the nose and tail; .that is, 
at 9 = 0 and 0 = rr, respectively! 

C ircular-arc; sections . - Ir^ order to obtain the 
IrcuTar-arc sections, the Karraan-Treff tz transformation 
s used; that is, ' . 


£ + na _ 
£ - na 



where £ is the complex coordinate in the physical plane 
and z is the complex coordinate in the circle plane. 
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If the center of the circle is on the y-axis at a tan p, 
two circular arcs. are given in the physical plane. For 
n =• 2 this transformation .reduces to the Joukowsky 
transformation and the- circular arcs are coincident. 

The y-coordinates for the upper and lower surfaces at 
the center .of • the. circle are " 1 


/ n ( rr „ , 

y u =' - n a cot 2(2“ Pj 




= -na cot 


1 (l + <») 


and the percent thickness is given by 


t = 


7tt “ Fp, 


2na 


1 

2 


n/Tr 
cot - P 


sin n 


•nr 


+ oot 1(1 + 


TT 


cos np - cos nvj * 


The ideal lift coefficient, the lift coefficient at the 
ideal angle of attack” (a = 0°), is given by" 


Gl x = ^ tan p. 


k. 


H 


These two equations may be used to determine both n 
and p for a specified thickness and lift coefficient. 


If 



1 + cos (qp 

1 - COS'. 


+ P)_ 


then the x-coordinate is 



l 
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where 



for t±.e upper surface and for the lower surface if — +p 
is substituted for -p. The y-coordinates for the upper 
and lower surfaces are.. 



The velocity is given by 

V _ ../sin <P + sin 

V " M V n cos p J 

Synthetic airfoils .- The synthesized' airfoils are 
fully defined by^he'"’^- function/ or 

» \{/ Q + Aj_ cos ( <¥> - 5]_) + A£ cos (29 - 6 2 ) + 

from which 

£ " A^ sin (9 - 6-j_.) + A 2 sin (29 - 5 2 ) + ... 


The ordinates are given by 

x - 2a cosh cos 9 

. y = 2a sinh sin 9 

and the velocity by 

v [sin ( a + 9) + sin (a -Kpfje^ 0 


V ~ 


(sin ihfV + sin^Q/ 



■ d ?\2 

dqy 


+- 



where p = £^. The value of may be obtained by 

solution of the £-equation if 9 - 9 +- £ end 

£ = A]_ sin (9 + £ - 6]_) + A 2 sin (20 + 2£ - 62) + 


» * * 
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For e T , ■ 


0 = TT 


and 


£ip — — A]_ s in ( £ ip — 6]j_ ) + Ag 3 in (2 £rp — 62 ) ** • • • 

This transcendental. Equation must be solved by 
successive approximations-. The method is rapidly 
convergent.. 


RESULTS 


The results are presented in the form of a composite 
figure for each airfoil. Each figure contains a sketch 
of the airfoil contour in the upper left-hand corner and 
the pressure distribution for a lift coefficient of 0 , 
0.1, 0.2, 0.3, 0 . 5 , 1.0, 1 . 5 , and the ide al lift . For the 
circular-arc airfoils the pressure distributions are 
given for the ideal lift only. 

Conventional airfoils . - The first group of airfoil 3 
comprises some which are In quite common use but for 
which no complete set of pressure distributions has been 
published. It is desirable to have the pressure distri- 
butions of these airfoils'- on reo'ord since they form 
convenient references . for use or modification of the air- 
foils. This group of airfoils consists of the NACA 22-, 
•4J4.— , and 230 -series airfoils (figs .,1 to 5, 6 to 11, 
and 12 to l 8 -, respectively) and the Clark Y family of 
airfoils (figs. 19 to 30). Ordinates of t jas wan a. ??- 
a nd i|Jx~seriea airfoils are given in reference It an d of 
WSfACA 2 j 0 -series, in reference 5» For the- dlark Y 
family of airfoils, a designation of the form CY(c)-t Is 
adopted, where the letters GY are the identifying 
initials, the letter within the parentheses represents 
the percent maximum camber at [j .0 percent chord, and the 
last letter represents" the percent maximum thickness 
at 30 percent chord. In the notation used herein the 

original Clark Y airfoil becomes CY(3«576)-11.7* 11116 

basic camber and thickness distributions of the Clark Y 
family are given in table I. In the generation of all 
airfoils of the Clark Y family, the camber and thickness 
are measured perpendicular to the chord line . 
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Inhere are several subgroups in the Clark Y family. 

In .figures 19 to 25 are airfoils of the standard flat- 
bottom type obtained by multiplying both the camber 
and thickness ordinates by the same ratio. The airfoil 
3hown in figure 15 is the original Clark Y airfoil 
[CY( 5 . 576 ) -11 .7 3. Figures 2 6 and 27 give the Clark Y M 
airfoil in which the camber remains constant and 
identical to the original Clark Y airfoil and the 
thickness is the only . variable . In figures 28 and 29 . 
the standard thickness of the Clark Y airfoil is maintained 
and tvro values are used for the camber.' ' 3h figure 30 
the camber of the air’foil is the same as that of the air- 
foil in figure 29 but the thickness was decreased to 
6 percent." 

C ircular- arc sections .- The second group of airfoils, 
figures- 5l to 34 j is a collection of circular-arc sec- 
tions obtained by the Karman-Treff tz transformation. 

These airfoils are designed for ideal lift coefficients 
of 0 . 1 , O. 25 , 0 . 5 , and 1 . 0 , and the airfoil shape and 
pressure distribution are given at 0 -, 5 -, 10 - , and 
15 -percent thickness. 

S ynthetic airfoils . - The third group, figures 35 
to 4 - 9 , shows examples of dirfoils constructed in accbrdance 
with the method of the last section of reference 2. In 
figures 35 to If. 1 , examples of. airfoils are presented 
containing only one harmonic 

^ + Ai cos (cp - e 1 ) 


Such examples are interesting In that they demonstrate 
how far it Is practicable "to obtain airfoil shapes 
based on -only one harmonic. It appears from the results., 
that for one harmonic a phase angle of 45 ° gives the 
best airfoil shape. 

In figures i|_2 to 47 > the generating function con- . 
tains first and second harmonics 

^ + Ai cos (<P - 6 ]_) + A 2 sin 2 cp 

For these airfoils the constants are chosen to generate 
airfoils with zero moment - coef ficient exclusively. 
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t tQ and 1+9 , two examples are shown with 

“o^aiSnTrxSt, ..ecad, «* fom-th ponies, 
-vi th the constants again chosen -.0 give, zero mo -- 
coefficients;- Since the fourth harmonic .does not affect 
the moment coefficient, a certain freenom in rearranging 
the pressure distribution at will is affoLded. _ 


Langley Memorial Aeronautical Laboratory ; . ; 

National Advisory Committee fer AerOr^utics 
Langley Field, Va. , .September 13, 
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TABLE I 

ME AN-C AMEER AMD SEMITE ICKNESS ORDINATES FOR FAMILY 
OF AIRFOILS BASEL 017 CLARK Y SECTION 


[All values are given in percent wing chord] 



.9732 


.7225 

.5207 

.2785 

.1)4-35 


Semi thi ckne s s 


.15017 
.2150 
.2979 
.3513 
'.3923 
.I750I+ 
. 178172 
.5000 
.1+872 
.10796 

.3910 

.31I+1 

.2231 

.1197 

.0657 


0.009t^; T.E. radius: 0.005’t 
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I - Shape and pressure distribution for NACA 2206 airfoil . 
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Fiqure 2 Shape and pressure distribution for NACA 2209 airfoil . 
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Fig. 3 



Fiqure 3 .-Shape and pressure distnbution for NACA 2212 airfoil. . 
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Q.= 0.420 
a = 1.39° 




Figure 6. -Shape and pressure distribution for NACA 4406 airfoil. 
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Fiqure 7 Shape and pressure distribution for NACA 4409 airfoil. 
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Q = 0.2 



C.= 0.3 





Fiqure 10.- Shape and pressure distribution for NACA 4418 airfoil. 
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Fiqure II. -Shape and pressure distribution for NACA 4421 airfoil. 
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Figure 1 2. -Shape and pressure distribution for NACA 23006 airfoil . 
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Fiqure 13." Shape and 


Fig. 13 



x, percent chord 

jre distribution for NACA 23009 airfoil. 
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Cl"- 0.392 
a= 2 . 10 ° 













x, percent chord x, percent chord 


Fiqure 1 6 . - Shape and pressure distnbution for NACA 23018 airfoil. 
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Fiqure 1 7.- Shape and pressure distribution for N AC A 23021 airfoil. 
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Fig. 18 



x, percent chord x, percent chord 

Figure 18.- Shape and pressure distribution for NACA 230Z5 airfoil. 
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fiqure 19 . “Shape and pressure distribution for Clark Y airfoil, CY(3.576) -11.7. 
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Fig. 20 



x, percent chord x, percent chord 

fiqure 20.- Shape and pressure distribution for Clark Y- 4 airfoil, CY (1.22-3) -<f. 
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Fiqure Z! Shape and pressure distribution for ClarkY-8 airfoil, CY (2.445) -8. 
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Figure 22.- Shape and pressure distribution for Clark’ 




















)(, percent chord x, percent chord 

figure 24.- Shape and pressure distribution for Clark Y-20 airfoil, CY (6.1 13) -20. 
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Fiqure 26.- Shape and pressure distribution for Clark Y M- 6 airfoil, CY'(3.576) ~6. 
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Fiqure 28.- Shape and pressure distribution for CY (3.056) -1 1.7 airfoil. 
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Fiqure 30.- Shape and pressure distribution for CV(6.ll3) - 6 airfoil . 
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Fig. 31 
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Fiqure 31.- Shape and pressure distribution for circular-arc 

airfoils of various thicknesses. C L =0.I . mational advisory 
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Fig. .32 • 


NACA TN No. 1016 


20 r 


(a) t-0. 

Hr 



-20 L 


f *- 





Figure 32. -Shape and pressure distribution for circuiar-orc 

airfoils of various thicknesses. C,»0.25. national advisory 
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Fiqure 33. - -Shape and pressure distribution for ciFcular-arc 

airfoils of various thicknesses. C « 0.5. national advisory 
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Figure 34. -Shape and pressure distribution for circular-arc 

-airfoils of various thicknesses. C.- 1 . 0 . national advisory 
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Fig. 35 


C L = 0.233 
ol --0.07° 





jtion for synthetic airfoil; 4* = 0.05 + 0.05 cos (<P " 45 ) ■ 
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Figure 3 £>.-- Shape and pressure distribution for synthetic airfoil; ^ =0.075 + 0.075 cos (9 " 45 °). 
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Fiqurc cJ8." 5hap« and pressure distribution for synthetic airfoil; ^'O.l + O.l cos(<P-45°). 

national advisory 

COMMITTEE FOE AERONAUTICS 











x, percent chord 


x, percent chord 

Fiqure 40.~5hape and pressure distribution for synthetic airfoil; -0.125 + 0.125 cos(<p -45°) 
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Fiqure 42.- Shape and pressure distribution for synthetic airfoil- 

'I' “ 0.0804 + 0.09cos(<p-30°) + 0.0262 sin 2<P. national advisory 
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Fiqure 44,- Shape and pressure distribution for synthetic airfoil; 

+ - 0.0996 + 0. 1 cos(ip-30*)+ 0. 0284 sin 2<p. ^“3,, 
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Fiqure 46. -Shape and pressure distribution for synthetic oirfoil; 

t = 0. 1012 + 0.08 cos (<P- 30°) + 0.0Z3I sin 2<P . national advisoby 
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fiqure 47.- Shape and pressure distribution for synthetic airfoil; 

v( /= 0.1226 + 0.08 cos (<P- 30°) + 0.0226 sin 2<P. NA 
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Fig. 48 
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Fig. 49 
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Fiqure 49.- Shape and pressure distribution for synthetic airfoil; 

+ 1 0.0897 + O.OScos^-SO 1 ) + O.OZ37sin 2<P + 0.01 cos4<P. 
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